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1. Introduction
Background
Traumatic brain injury (TBI) is considered a signature wound of the current conflicts in Iraq and Afghanistan primarily due to the increased use of explosive weapons, such as improvised explosive devices (IEDs). However, mild TBI (mTBI) is difficult to diagnose since it is typically a closed head wound and symptoms may not be sufficiently extreme for the service member and his or her supervisors and co-workers to discern an injury has occurred. Additionally, some service members who are determined to accomplish their mission and feel a strong desire to remain in-country and support their unit, may mask their symptoms (e.g., cognitive deficiency, chronic daily headaches) by simply not seeking care. The motivation not to leave one's fellow service members behind is strong, even when an individual has been injured, and perhaps even more so when the injured service member is uncertain whether their injury is real or an imagined set of symptoms related to stress. Undiagnosed mTBI can endanger not only the individual, but also the entire unit. A Soldier's cognitive as well as physical and emotional deficits may not be evident until a mistake is made that could put both the service member and his or her team in jeopardy. Diagnostic technology that can be fielded with the troops could enhance the detection of mTBI and potentially save lives.
Objective
The objective of this technical note is to provide human factors information and feedback on the use of the Automated Neuropsychological Assessment Metrics * (ANAM ® ) software to those who operate and sustain the ANAM, so they may make alterations and updates as appropriate. The information for this technical note was collected during data gathering for the research protocol entitled "The Investigation of Emerging Technologies for Use in Screening for Traumatic Brain Injury" (HPRO Log Number A-15155). Suggestions for consideration in developing future ANAM generations are offered, with an emphasis on the military operating environment. This report does not include information on the effectiveness of the ANAM in identifying who does or does not have a mTBI, that information will be published in a subsequent report.
Overview
The ANAM is a computer-based test system for assessing human performance and neuropsychological function. During data collection and volunteer assessments, annotations were made of human factors issues that arose. This document is the result of those notations and has been prepared expressly for those involved in the development and sustainment of the ANAM. It is hoped that this information will assist in updating the product and the user manuals for other researchers who choose to use the ANAM as part of a research protocol.
Terminology Automated Neuropsychological Assessment Metrics (ANAM).
The acronym ANAM is used to refer to the Automated Neuropsychological Assessment Metrics. The ANAM is a computerbased test system for assessing human performance and neuropsychological function (see figure  1 ). It consists of a library of 30 tests, collated into a number of distinct batteries for specific purposes. For the purposes of this report, the term 'ANAM' will be used to refer to the ANAM4 TBI battery unless otherwise noted.
Subject.
The term 'subject' is used to refer to the person who is being monitored. This convention is used since this Human Factors Assessment was conducted in conjunction with the research protocol focused on the technology. In literature prepared by the vendor or others who may have used this system, this person is referred to as the 'patient' since it is typically used within a clinical setting. The terms 'participant,' 'volunteer,' and 'user' may be utilized as well.
ANAM Data Extraction and Presentation Tool (ADEPT) †
™. ADEPT refers to the software application associated with the ANAM test, which allows for managing and viewing session data files produced by the ANAM test.
ANAM Performance Report (APR) * ™. APR refers to the software application associated with the ANAM test, which allows for printing and viewing reports for particular ANAM test sessions. † ADEPT and ANAM Performance Report (APR) * are both intellectual property owned by United States Government, licensed to University of Oklahoma (C-Shop) Norman, Oklahoma 73072.
Automated Neuropsychological Assessment Metrics (ANAM)
The ANAM is a computer-based test system for assessing human performance and neuropsychological function, such as speed and accuracy of attention, memory, and thinking ability. It was initially developed from the Unified Tri-Service Cognitive Performance Assessment Battery (UTC-PAB). The ANAM was specifically designed for the Department of Defense (DoD) to meet the objectives of having a test battery for repeated measures (Reeves et al., 2007) . The TBI version of the ANAM, ANAM4 TBI, has the advantage of being built upon previous data from participants diagnosed with traumatic brain injuries (Bleiberg et al., 2000; Levinson and Reeves, 1997 
Test Configuration
The ANAM battery was installed onto a Dell Latitude D820 laptop computer. The laptop utilized the Microsoft ‡ (MS) Windows § XP operating system with 1 GB of RAM, an 80 GB hard disk drive and a 1.83 GHz processor. A listing of the required specifications for using the ANAM software is listed in appendix A. Figure 1 
Technology Assessment
The information in this technical note is based on researchers recording their observations of the ANAM during data collection. Consideration was given to the ANAM's ease of use, intuitiveness of operation, and operation performance.
Set-Up and Testing Considerations
The ANAM software was installed onto a laptop PC. Most standard input devices are supported by the ANAM, including universal serial bus (USB) mice and keyboards, and serial mice, however Microsoft or Logitech ** input devices are recommended by the manufacturer. When using laptop computers, internal keyboards are sufficient for most ANAM test modules, but the use of external input devices is recommended by the manufacturer when practical. The core ANAM software requires approximately 25 MB of disk space. However, due to data storage requirements and to ensure optimal performance, 150 MB of free space is recommended. `The core ANAM software has been designed for use on IBM compatible computer systems equipped with Windows 95/98 or higher. The ancillary support products (ADEPT/APR) require Windows 98 or higher as well as MS .NET Framework v2.0 or higher versions.
Testing Environment
The ANAM takes approximately 30 min to complete. Test subjects readily reported uncomfortable climate and conditions. Having a comfortable environment, without distractions, enables subjects to concentrate on completing the task, rather than focusing on environmental discomforts or disturbances. Therefore, the following are suggested: ** Logitech is a registered trademark of Logitech Corporation.
• Comfortable room temperature
• Well ventilated room
• Quiet environment, free of noise and interruptions
• Clean, uncluttered work environment with ample space for the laptop and external control devices (mouse, keyboard)
• Adequate illumination: Many subjects preferred dimmed lights to reduce glare on the computer screen.
• Seating:
• Comfortable
• Permit subjects to sit without having their back to the door: Most subjects expressed a preference not to have their back facing the door or entrance of test taking area (the utilized room had only one entrance/exit).
In addition, symptoms of TBI include headaches and sensitivity to light and sound. Therefore, if the subject taking the ANAM has a possible TBI diagnosis, an effort should be made to provide a quiet, relatively private environment with low lighting for testing.
Portability
In addition to laptops, the ANAM can be installed on desktop PCs, if the system meets the installation requirements. The software was not assessed for compatibility with other portable devices such as netbooks, cellular phones, or other handheld computers. The portability of the ANAM is only limited by the portability of the device upon which it is installed.
Power Requirements
The ANAM was installed on a Dell Latitude D820 laptop computer. The laptop utilized a Dell PA-10 Family A/C adaptor rated for 100 v-240 v input with a 19.5 v output and one 3 v selfcontained DC Li-ion rechargeable battery. The battery lifespan is 4 h under normal operating conditions and recharge time is approximated 6 h to full capacity. The battery should not be exposed temperatures exceeding 60 °C.
Training Requirements
The ANAM manual stipulates the test administrator should have sufficient practice prior to actual performance testing. For the purpose of this study, data collectors familiarized themselves with ANAM before administering the ANAM to study participants. Familiarization with proper procedures was accomplished within 20 h over 2 work weeks, and consisted of reviewing administration procedures, taking the assessment multiple times, accessing, viewing, and printing session reports, and opening/saving/exporting performance data files. Note that interpretation of the data, beyond the raw data or information automatically generated, requires both training and clinical credentialing. No clinical interpretations were rendered during this evaluation. In order to print assessments of volunteer or patient sessions, the researcher must utilize an ancillary program (APR). For research purposes, raw data from sessions may need to be extracted and imported into a spreadsheet. Instructions to perform this task can be found in the ANAM manual provided by the manufacturer. However, some problems were encountered during this process, which is detailed in section 2.6.
Ease-of-Use
Ease-of-use of the ANAM was qualitatively determined by the data collectors based upon their experience using the software. No formal measurement instrument was employed for measuring the ANAM's ease of use.
Overall the ANAM was not difficult for researchers to administer or for subjects to use. The ANAM's graphical user interface is simple, straightforward, and easy to use and understand. The researchers and test subjects were familiar with similar types of software such as MS Windows-based products. Providing adequate instructions to the subject, in addition to a comfortable atmosphere makes the use of this software easy and free flowing. The ANAM has specific screen instructions and audible tones to assist when consistent errors occur. This built-in feature enables the observer and the subject to remain on track for the intended task.
The ANAM has one feature that was unfamiliar to the users. If a participant presses the mouse button too often and too fast, an auditory beep is emitted, the program will stop running, and the participant is forced to restart testing. None of the previous information is saved. This feature required another addition to the participant instructions for the current study. Some participants voiced frustration with being forced to start over, which could have influenced their subsequent performance (however, this is speculative and based solely on the comments of some participants who were forced to repeat the battery).
The library of tests and batteries in the ANAM range from simple response-time measures to more diverse measures of attention, memory, executive functioning and spatial, language, and motor ability (see appendix B). Its strengths include a decade's long record of use and direct linkage, for performance comparisons, to the archival research literature. It can be economically and efficiently administered in a variety of settings, including field settings, and is currently being used in studies to provide base-line cognitive data on Warfighters deployed to Afghanistan and Iraq (for example, Vasterling et al., 2006) . It can be used on a desktop, laptop, handheld units, local area network (LAN) or wide area network (WAN) test systems. It uses a mouse and limited number of keys for responses. Tests in ANAM can be configured in a variety of ways. This feature is significantly useful since each ANAM test battery measures different cognitive and motor abilities; if necessary, tests can be designed for specific patients. Test parameters are controlled by "Command line switches" that specify items such as the number of stimuli presented, the size, color, and type of stimuli used, and the control of inter-and intra-stimulus intervals. The menu list file is an ASCII text file that is read by the "master" program, "A2_Menu.exe," which runs the test battery. This design allows the construction of customized batteries using a text editor such as MS Notepad.
In the Profile of Mood States, the subject selects their predominant mood state in seven subcategories, using a scale ranging from 0 to 6. The 0 has a verbal anchor of "not at all," the midpoint 3 is anchored as "somewhat," and 6 is anchored as "very much." After each response, the computer re-centers, so the response of the participant must be to the right or left of the center response. A few participants expected their last response to have remained, thus requiring them to move, not from the center, but from their own last key stroke. Thus, the instructions must be clear to the participant, reminding them that the computer will re-center and their responses must move up (toward the higher end of the scale) or down (toward the lower end of the scale) from that center point.
Exporting ANAM Data
Exporting ANAM data requires multiple, somewhat cumbersome steps which were necessary to extract variables of interest for the current study. However, for transfer of smaller amounts of data for individual participants, the procedure is accomplished in much fewer steps using the default setting.
For this study, data from each subject, session, and run were copied from the 'ANAM data' folder to a 'ANAM data-all trial completed' folder, located on the hard drive of the local machine within the ANAM directory. For research purposes, the data then had to be exported using the ANAM wizard as tab and comma delimited data onto a spreadsheet. Once the data was exported into a spreadsheet, it was inspected and organized. For the current study, some variable titles were adjusted in MS Excel to conform to the Statistical Package for the Social Sciences (SPSS) dataset label limitations. This process is explained in greater detail in the procedural guide (appendix C). Repeats of the subject number, run and session were removed and the data was reordered to conform to the SPSS data set. Such specifics will be required of a study in which the ANAM is used to record full data for analysis. This attention to detail might be eliminated by creating an automatic function to export data to a data file into a spreadsheet either in MS Excel or compatible statistical analysis program. Of course, such an export program would certainly need to compile data collected from subjects tested over time.
Printing Reports
After a subject has finished taking the ANAM, reports can be brought up with the browser, converted to a PDF file and printed.
If files are moved to ANAM data-all trial completed folder (rather than a second copy being created) before the report is printed, the folder indicated for the browser to search for the subject's data must also be changed. That is, one can no longer go to the original data file to print the report. While this seems intuitive, it is an easy mistake for a researcher to make during the early phases of data collection.
Limitations and Considerations
There are some factors that were encountered that may have affected the outcome of participants' test results and use of the ANAM. This section will address such issues and how they were subsequently addressed.
Environmental Factors
As stated previously, testing should be conducted in a low traffic, quiet environment to enable the participant to concentrate solely on the assessment and not be distracted by the surroundings. This is especially true for participants who may be experiencing distress or anxiety. Participants who reported being under notable stress or having difficulty concentrating took longer to perform the assessment and generally their initial performance was poorer, in comparison to later sessions. For each participant visit the ANAM was administered twice. That is, an initial session was necessary for them to become familiar with the ANAM testing procedure and testing environment. We addressed environmental conditions by: (1) creating a quiet, calm environment (as much as possible in a clinic area), (2) monitoring the subject, assessing if they needed environmental changes and adjusting the environment upon request (e.g., dimming the lighting, closing the door slightly), (3) asking the participant if he or she needed a break before starting the session (e.g., to relax, use the restroom), (4) monitoring the subject and talking to them calmly-giving them a chance to relax and feel secure before beginning the test session. In cases where the subject was tired or sleepy, monitoring them during testing and assisting verbally by asking if they were "doing okay" in order to stay awake and on task was helpful.
Only the second ANAM test was used for data analysis. There is no evidence of ANAM familiarization affecting performance; however, a certain degree of the learning curve effect should be expected.
As previously mentioned, bright lighting in the testing area made it difficult to view the PC screen and instructions. Repositioning the screen or the placement of the computer system and testing for glare is beneficial. Future administrations may benefit from the use of a filter to reduce glare upon the computer screen.
Unexplained Missing Graphics and Session Data
When utilizing ANAM APR to open a test session and produce a printable report, it was encountered that graphics did not appear and only the standard red "X" placeholder for the Summary Performance Indicator image appears ( figure 2 ). This happened often. The important graphic that does not appear is the summary performance indicator that gives an overall ANAM performance score for the subject ( figure 3 ). The problem was addressed by exiting out of APR, restarting the application, and then reopening the test session. Upon reopening the session the graphics then appear as they normally should (figure 4). The next generation of ANAM should be able to address this issue. One occurrence of unexplained missing data was encountered during the course of the study. A participant completed their ANAM session and within the hour an attempt was made to retrieve that session data. Inexplicably, the session data was not found in the designated default folder for the given session, nor was it found in any other folders. This problem was only encountered once during the course of testing and was not investigated further. This should have been an 'automatic save' and should have been recorded somewhere on the hard drive.
MS Excel Column Capacity
When exporting ANAM data into MS 
Excessive Test-Taker Errors
The ANAM test battery restricts the time an individual can take to complete each item. While this was not a problem with subjects completing the battery too slowly, it was a problem with those who were very quick in their responses. In addition, if too many errors are made or the responses are entered "too quickly," the test will stop (freeze) and the participant will be required to start over from the beginning of the test. None of their original entries will be saved. Some participants expressed frustration when this occurred. It is not known whether their frustration impacted their subsequent scores. After this occurrence was brought to the attention of the data collectors, researchers included this as part of their initial instructions to subjects (not to react "too quickly" and to read/listen to instructions carefully to minimize errors, to avoid an unnecessary restart). Note that "errors" are not the same as incorrect responses to a question.
Conclusion
Overall the ANAM is easy to install, administer, and retrieve information. The application itself conforms to contemporary MS Windows OS functions and appearance, which many people are accustomed to. The ANAM has the advantage of familiarity within the military as it is widely administered to units as part of pre-deployment procedures (U.S. Army Medical Department, 2010; Reeves et al., 2006) . Many participants within the current study made it known to the researchers they had previously taken an ANAM. Others had not taken the ANAM but were nonetheless aware of it. The ANAM provides advantages over traditional paper tests with portability and expediency of available results and has been found to have equivalent reliability to similar traditional neuropsychological tests (Jones et al., 2008) .
Installation of the ANAM is simple and similar to most other contemporary software packages. The auto install feature requires little effort and only a license key is needed (accompanied with the software) to make the software active, also similar to most contemporary software packages. Administration of the ANAM TBI is not difficult and the directions are direct and easy to understand. The test requires little instruction for the users to take the assessment, or for researchers to administer. Researcher familiarization with administration procedures only requires a small amount of time, 20 h within 2 weeks.
Suggested changes include easier exportation of data to files for data analysis, inclusion of response speed in the instructions to participants (or altering response speed allowed to permit users who are exceptionally quick to respond normally), and taking the possible diagnoses of participants into account. The latter requires controlling the environment for light, sound, and other distractions as well as slight alterations in the instructions and monitoring of participants.
In addition, the loss of graphics (described in section 3.2 of this document) should be corrected via software changes.
These few changes will improve the utility of the ANAM for research purposes. This will be an advantage as the military commonly employs neuropsychological evaluations for baseline assessments and for patient treatment, post suspected TBI (Brenner et al., 2010) , and the ANAM has been undergoing examination for usefulness in screening for TBI (Ivins et al., 2009 ; this study: protocol HPRO Log Number A-15155 "The Investigation of Emerging Technologies for Use in Screening for Traumatic Brain Injury"). For the current study the participants were only referenced by an assigned number for their ID. Apart from this only age and sex were recorded in the ANAM demographics section. 
Appendix B. ANAM Test Library

Data output
All tests within the ANAM system produce a series of scores including: (1) 
